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for 2 minutes. Cells were then subcultured at ratio Some reports have shown that heparin and other 1:3. Gram negative bacterial contamination was antithrombotic substances might have a profibrinoruled out by using a Limulus-based assay. Cell lytic effect by modulating some endothelial fibriviability was determined in a Neubauer chamber nolysis parameters [15, 16] All studies were performed with confluent cultures these substances could alter the vascular fibrinoon the third passage. Twenty-four hours before lytic potential [17, 18] . stimulation, cultures were washed with Hank's balanced salt solution after which fresh endothelial cell serum-free medium with penicillin (50 U/ml)
Materials and Methods
and streptomycin (50 g/ml) was added. Cultures derived from the same umbilical cord were incu-1.1. Materials bated with UFH (1 and 10 IU/ml) and hirudin (20 and 100 TIU/ml). Additional nonstimulated Medium 199 with Earle's salts (MEM 199) and cultures were maintained as negative controls. CulHank's balanced salt solution were purchased from ture supernates and cells were harvested before BioWhittaker (Verviers, Belgium); collagenase A from Clostridium histolyticum from Boehringer stimulation (basal samples) and 2, 6, and 24 Mannheim (Mannheim, Germany); phosphate bufhours afterwards. fered saline (PBS) Dulbecco's, trypsin-EDTA, An additional experiment was performed by addpenicillin-streptomycin mixture, endothelial cell ing UFH (10 and 100 IU/ml) and hirudin (100 and serum-free Medium and L-glutamine, from Gibco 1000 TIU/ml) to cultures stimulated with endotoxin (Paisley, UK); Lipopolysaccharide from Esche-(50 ng/ml) to induce an increase of PAI-1 expression richia coli 0127:B8 and bovine gelatine from Sigma [11] . Samples were collected before and 2 and 6 (St. Louis, MO, USA); unfractionated heparin hours after stimulation. Cultures only stimulated from Roger (Barcelona, Spain); recombinant dewith endotoxin were used as positive controls. sulfatohirudin (Revasc TM ) from Ciba Geigy (Basel, Switzerland).
Isolation of mRNAs 1.2. Endothelial Cell Culture
Cell mRNA was obtained by hybridizing the polyadenylated tails of mRNA molecules to oligo dT Endothelial cells were isolated from human umbiliprimers coupled to a solid phase matrix (Oligotex cal cords (HUVEC) obtained less than 8 hours TM; Qiagen, Hilden, Germany) [20] . Briefly, conafter delivery, essentially as described by Jaffe et fluent cultures were trypsinized and collected as al. [19] . The umbilical vein was cannulated, pera cell pellet. Lysis buffer containing guanidinium fused with PBS, and incubated at 37ЊC with collaisothiocyanate and ␤-mercaptoethanol was added genase A (0.5 mg/ml) for 15 min. Cells thus obto generate an immediate RNase-free environtained were centrifuged at 250g for 5 minutes, ment. Cell lysates were homogenized and centriresuspended in culture medium (MEM 199 confuged for 3 minutes at 14000g to remove the cell taining 20% pooled human serum, 2 mM L-glutadebris and protein. The supernates were incubated mine, 50 IU/ml penicillin, and 50 g/ml streptomywith 2 mg of the oligotex suspension for 10 minutes cin) and seeded in 25-cm 2 culture flasks precoated at room temperature to allow hybridization bewith 0.1% gelatine in PBS (v/v). Cultures were tween the oligo dT30 and poly A tails of mRNAs. incubated at 37ЊC in a humidified atmosphere of The hybrids were washed, and the mRNA was 5% CO 2 . The medium was changed 24 hours after seeding and again every 48 hours. When cultures eluted by lowering the ionic strength followed by precipitation with 2.5 v ethanol. The resultant for G3PDH. Averages of three experiments performed with samples obtained from independent pellet was washed with ethanol 70% and vacuumcultures before stimulation and 2, 6, and 24 hours dried and resuspended in diethyl pyrocarbonateafterwards are reported for each condition. treated water. After determining the concentration spectrophotometrically, the mRNA was stored at Ϫ80ЊC.
Analysis of PAI-1 Antigen Levels in HUVEC Conditioned Medium 1.5. Isolation of PAI-1 cDNA
Cultured medium from cells treated with UFH and by Reverse Transcription-PCR hirudin was collected before stimulation and at 2, 6, and 24 hours and stored at Ϫ40ЊC. Samples from The reverse transcription (RT) reaction was percultures stimulated with UFH (10 and 100 IU/ml) formed in a final volume of 20 l by using 200 U and hirudin (100 and 1000 TIU/ml) added simultaMoloney murine leukemia virus RT (GIBCO neously to endotoxin were collected before and at BRL, Paisley, UK), 2 l RT buffer, 100 ng/l ran-2 and 6 hours after stimulation. The PAI-1 antigen dom hexamers (Boehringer Mannheim), 1 mM levels were determined using an ELISA assay dNTPs (Amersham Pharmacia Biotech, Uppsala, (TintElize PAI-1 from Biopool, Umea, Sweden) Sweden), 20 U RNAse inhibitor (Amersham Pharwith a monoclonal antibody that detects latent, macia Biotech), 5 mM DTT (Gibco BRL), and 35 active, and t-PA/PAI-1 complex with equal sensing of mRNA at 37ЊC for 1 hour.
tivity [23] . Averages of three independent experi-PCR primer pairs used in this procedure were ments are reported for each condition. (5Ј-ACAGGAGGAGAAACCCAGCAG-3Ј) and (5Ј-CCGTCTGATTTGTGGAAGAGG-3Ј) up-1.7. Statistical Analysis stream and downstream, respectively, giving a PCR product of 434 bp (nucleotides 217-651) from Data are expressed as percentages with respect to human PAI-1 cDNA [12] . Oligonucleotides (5Ј-3Ј) baseline and presented as meanϮSEM. The signifid(CCAAGGTCATCCATGACAAC) and d(TGT cance of differences between stimulated and con-CATACCAGGAAATGAGC) were used to amtrol groups was assessed by Student's t-test or plify a 464-bp fragment for human G3PDH cDNA Mann-Whitney U test, as appropriate. A p value located between nucleotides 476 and 940 [21] .
Ͻ0.05 was considered to be significant. cDNA was amplified in a final volume of 50 l in the presence of 10 and 20 ng/ml each primer of PAI-1 and G3PDH, respectively, and PCR master 2. Results mix (2 U Taq polymerase from Boehringer Mannheim, 1.5 mM MgCl 2 , 40 mM KCl, 16 mM Tris-2.1. PCR Amplification of ClH, pH 8.3) [22] . PCR was performed using
Sequences Encoding for PAI-1 and G3PDH the GeneAmp 2400 PCR system (Perkin Elmer, Norwalk, CT, USA) with the following amplificaAmplification profiles for PAI-1 and G3PDH were tion profile: 40 seconds at 95ЊC, then 23 cycles (20 made to test the amount of mRNA input and cycle seconds denaturation at 95ЊC; 15 seconds annealing number needed to find the exponential range in at 56ЊC for G3PDH and 58ЊC for PAI-1; 15 seconds the RT-PCR reaction. The amounts chosen in the extension time at 72ЊC) followed by a final extenlinear range of the standard curves were 15 ng sion at 72ЊC for 5 minutes. Fithteen microlitres of mRNA and 23 cycles for PAI-1 and 20 ng mRNA the reaction mixture was electrophoresed in 1.5% and 23 cycles for G3PDH (Figure 1 ). To assess agarose gel and the amplified bands visualized by the reproducibility of our assay, we calculated the ethidium bromide. Intensity of PCR bands was deindex of intra-assay variation and the mean coeffitermined by densitometric analysis with the Gel cient of inter-assay variation in eight samples (9 Doc 1000 UV fluorescent system and Molecular and 18%, respectively). Analyst software for quantification of images (BioThe identity of PCR product from PAI-1 cDNA Rad, Hercules, CA, USA). Values corresponding amplification was demonstrated after digestion with BclI and SacI yielded the predicted fragments. to PAI-1 amplification were normalized with those UFH attenuated the synthesis of PAI-1 antigen in HUVEC with respect to control cultures throughout the experiment (17% reduction).
When confluent cultures were incubated for various times in the presence of high (100 TIU/ml) and low (20 TIU/ml) r-hirudin doses, no significant changes were detected in the PAI-1 mRNA levels (Figure 2) . Likewise, PAI-1 antigen in the conditioned medium did not change significantly after addition of different hirudin doses with respect to unstimulated cultures (Table 1) .
Effect of UFH and Hirudin Treatment on the Endotoxin-Induced PAI-1 Expression and Secretion by HUVEC
Additional experiments were performed to assess Figure 3 and Table 2 , cation assay.
whereas both PAI-1 mRNA and protein showed a twofold increase at 6 hours in response to endotoxin stimulation with respect to control cultures,
Effect of UFH and
the simultaneous addition of UFH resulted in a Hirudin on PAI-1 Expression significant decrease of PAI-1 mRNA (35% reducand Secretion from Cultured HUVEC tion at 2 hours, pϽ0.01 and 22.5% at 6 hours). Furthermore, the PAI-1 mRNA levels were greater As shown in Figure 2 and Table 1 the PAI-1 mRNA reduced by addition of 100 IU/ml of UFH to enremained unchanged over the 24-hour incubation dotoxin-stimulated HUVEC (55% at 6 hours, period in unstimulated cultures, whereas PAI-1 anpϽ0.01). At these high UFH doses a significant tigen secretion increased linearly, suggesting a conreduction of PAI-1 antigen secreted into the metinuous release from endothelial cells. dium was also observed (45% reduction at 6 hours, When cultured HUVECs were incubated with pϽ0.05) ( Table 2) . UFH in the absence of serum, a progressive deNo significant differences in the ability to reduce crease in the level of PAI-1 gene expression was the increased PAI-1 mRNA and protein by endoobserved (30% reduction in relation to baseline at toxin-stimulted HUVEC were seen after the simul-2 hours of incubation with 1 IU/ml), to normalize taneous addition of any r-hirudin dose ( Figure 3 to the levels observed in unstimulated cultures at and Table 2 ). 6 and 24 hours. At a dose of 10 IU/ml, a progressive time-course decrease was observed, starting at 2 hours (15% reduction with respect to basal lev-3. Discussion els), reaching 40% at 6 hours and 60% at 24 hours (Figure 2) .
Vascular endothelium plays a pivotal role in initiaThe effect of UFH on the PAI-1 antigen levels tion and control of fibrinolysis through the synthesis in the conditioned medium also was examined to of t-PA and PAI-1. In vivo studies have emphasized determine whether the decrease in PAI-1 mRNA the pathophysiological role of PAI-1 (reviewed in correlated with a reduced level of PAI-1 release from HUVEC. As shown in Table 1 , we found that references [2-4]), so that the possibility of modulat- ing the endothelial inhibitor expression represents RT-PCR method, which allows detection of changes in gene expression [24, 25] , we have shown that hepaan attractive therapeutic approach.
In the present study, we have analyzed PAI-1 rin reduces PAI-1 expression in cultured HUVEC, while hirudin has no effect on endothelial inhibigene expression in HUVEC stimulated with UFH and hirudin on the basis that these agents, besides tor expression. The addition of UFH reduced PAI-1 mRNA their anticoagulant action, also could modify the vascular fibrinolytic potential [15] [16] [17] [18] . By using a levels even at a concentration as low as 1 IU/ml, which is within the plasma level reached when used by an increase in the membrane heparan sulfate molecules [27] . The possibility that the observed as antithrombotic agent in humans [26] . The rapid PAI-1 mRNA decrease initially observed with low-PAI-1 mRNA decrease might be related to an inhibitory effect of heparin on enzymes present in dose heparin as well as the significant delay and long-lasting reduction observed with higher UFH the RT-PCR [28,29] can be ruled out since G3PDH amplification was not affected. doses can be explained by the different modulation of some endothelial cell properties in the presence Studies evaluating the changes in vascular endothelium induced by glycosaminoglycans have foof heparin: a transient effect, probably related to the presence of heparin molecules bound at the cused primarily on the modulation of the procoagulant properties of stimulated endothelial cultures membrane surface, and a delayed one mediated in the presence of heparin [30] [31] [32] . Our results also of PAI-1, which could explain some of its profibrinolytic properties observed in vivo [18, 19] . The indicate a profibrinolytic effect of heparin via reduction of PAI-1 mRNA expression, thus differing ability of heparin to reduce the LPS-induced enhancement of endothelial PAI-1 expression might from previous reports in which such an effect was not observed [33, 34] , because it was masked by be an additional mechanism in the prevention of thrombosis, operating at the local level. Hirudin the addition of either serum or thrombin to the medium, which are known to induce PAI-1 expreshad no effect in this in vitro model. sion [35] .
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